Abstract: Global population is aging, particularly in developed countries and cities. Through the "Friendly Elderly Cities" and "Aging in Place" initiatives, various countries are making great efforts to improve the welfare and quality of life of the elderly, with the aim of catering to the physical and spiritual health as well as social welfare of the elderly. In this regard, the improvement of the housing environment of the elderly is one of the key factors in their quality of life and health. This study aims to effectively assess and improve the housing environment of the elderly in order to enhance their quality of life; it also aims to contribute the knowledge about improving elderly housing by applying an assessment framework using expert interviews and data collected from relevant literature. Using a mixed Multi-Criteria Decision Analysis model, a combination of the DEMATEL (Decision Making Trial and Evaluation Laboratory)-based ANP (Analytic Network Process) (DANP) and the modified VlseKriterijumska Optimizacija I Kompromisno Resenje (VIKOR) methods, and the investigations and assessments in the case study, this study proposes strategies and directions for improving elderly housing. The study results indicate that, as distinct from using traditional methodologies where the hypothesis criteria are mutually independent, the proposed hybrid model (examining real-life problems by considering the mutual influences of factors) identifies a priority sequence wherein emphasis is placed on improving ventilation and air quality rather than adjustment of temperature. The systemic way of thinking shifts the focus from the most apparent problems to the root cause of the problems. Doing so avoids any mismatch of resource allocation in decision-making and thus maximizes the efficiency and sustainability of the improvement.
Introduction
In 1987, the World Commission of Environment and Development gave sustainable development a definition: (development) "that meets the needs of the present without compromising the ability of future generations to meet their own needs". This definition gives rise to the necessity of sustainable decision-making based on economic, social, and environmental principles [1, 2] . Hence, in response to the problem of aging society and the objectives of sustainable development in terms of economic growth, social services, and environmental improvement, the aged population is not to be neglected by research on how to build a friendly city and sustainable policies during the development of a global city [3] . However, the issue of aging society is specific to each country and region. Planning validity and a detailed assessment of their concrete methods [4, 8, 12, 16, 27] . Although some of the intervention measures focused on the physical environment [15, 17, 24, 28] , others were concerned with improvements in the social environment [4, 11, 26, 29] . Despite the extensive recognition of the achievements made by studies related to housing and its health impacts on older people, these studies seldom applied effective performance assessment tools to reality as a reference to support the formulation of concrete improvement strategies. Therefore, this study focuses on the effects of the indoor living environment on the health of the elderly because there is a complex interrelationship among indoor housing factors that can be harmful to health. In 2010, the member states of the World Health Organization arrived at the consensus that "the housing and residential environments are localities having high environmental health risks in relation to injury from accidents, as well as infectious and non-communicable diseases" [30] . Hence, affecting factors that are beyond the realm of the indoor living environment, such as social environment, medical services, and communities and neighborhoods, are excluded from the assessment framework. The research scope is narrowed down to important indoor housing factors that directly affect the health and safety of the elderly. The assessment dimensions and criteria were extracted from previous studies through literature review.
To the elderly, the home is a familiar and safe place. The home offers familiarity and security to the person who lives there, and it is an important signification of independence and autonomy in very old age [13] . Moreover, safety confers not only a perceptive meaning to the elderly but also signifies the safety of the living environment (buildings, communities, and rooms) in the actual living experience [11, 13] as well as the prevention of accidents. Housing improvement policies guided by safety considerations mainly strive to prevent any possible accidents, such as falling [31] [32] [33] , fire caused by a power surges and short circuits, or fire accidents [34] . Hence, such interventions for the improvement of safety and prevention of accidents are to ensure the elderly are secure in their daily lives, preventing them from suffering accident-related fatalities and injuries.
Nevertheless, in addition to focusing on physical health and family care in living spaces, perceptions of bodily and emotional comforts are equally important when it comes to studying aging and the lives of the elderly [35] . Perceptions of bodily comforts concern spatial quality. Spatial quality [36] emphasizes improving the quality of the living area of the elderly, which affects their subjective sense of happiness [37] . The four parameters derived by Frontczak and Wargocki in their 2011 paper on the comfort of indoors environment are "thermal, visual, acoustic environment and air quality" [38] . They encompass the adjustment of and response to room temperatures [39] [40] [41] , the intensity of lighting (natural and artificial) [11, 37, 42, 43] , indoor color schemes [37] , indoor ventilation and air quality [38, 44] , noise disturbances [45] , and even the fact that improvements in the aesthetical appearance of a physical environment may directly affect people's subjective well being [36, 37] .
With aging population, living environments must be modified to make people's lives easier and more comfortable in their old age [25] . Research has shown that the elderly who live in their own homes and are able to look after most matters in their daily lives typically have a higher quality of life than those who require constant assistance [12, 46] . The assessment and improvement of the housing environment of the elderly not only increase the safety and comfort of the housing but also improve the various functions of living, affording them more convenience and utility in their daily lives and enabling them to more efficiently manage their own lives.
Incorporating all of the above, the improvement of the quality of the housing environment for increasing the quality of life of the elderly includes three aspects: personal safety, perceptive comfort, and functionality of space. These three aspects interact closely with one another, with the core purpose to ensure the maintenance of the health of the elderly. Safety is achieved by relying on external intervention approaches and methods to ensure the elderly can live with peace of mind and safety. Comfort is achieved through adjustment and control that improve the quality of the space so that the elderly feel comfortable both physically and psychologically. The final element of functionality is achieved through enhancing the necessary functions of living by improving the housing environment.
The ultimate aim is to enable the elderly to enjoy the greatest degree of happiness in health, safety, comfort, and convenience.
Personal Safety
The assessment and improvement of the original housing of the elderly to enhance safety and prevent accidents involve an active intervention approach. All the intervention measures for assessment and improvement focus not only on the present circumstances, but more importantly also on life in the future [27] . A good outdoors environment in a residential area can enable the elderly to engage in daily activities independently and safely and encourage them to be more mobile [28] . In terms of the housing buildings, their structural durability [17, 47] and the strength of doors, windows, and other relevant parts must be tested. Even the housing's protection against natural disasters, such as typhoons and earthquakes, needs to be considered. Additionally, fire facilities, alarm systems, evacuation instructions, and emergency lighting for preventing and responding to fire accidents [48] must be put in place and improved. The biggest causes of fire are the improper use of electrical appliances, electrical overload from excessive power use indoors, and damage and exposure of gas connections, all leading to electricity-caused fires [47] . These issues may result in accidental deaths of and injuries to the elderly, as their perceptive and sensory functions deteriorate [48] .
Once again, sufficient lighting indoors and outdoors day and night affects the safety of the elderly. Lighting provides not only a pleasant mood both emotionally and perceptually but also higher alertness and vigilance [49] . Apart from that, wet and slippery floors in bathrooms and kitchens make these areas the most dangerous for falling, which can then lead to major injuries and medical expenses [32] . Therefore, flooring materials must, once again, be considered in terms of their anti-slip [4, 36] properties.
Bathrooms, kitchens, and bedrooms are areas in the housing environment where impediments occur most frequently [50] . The impediments include uneven flooring and thresholds [31] , which are risk factors. Therefore, apart from even, impediment-free floors, safe and impediment-free facilities are also important to the elderly, such as handrails with support features and railings [31, 32, 42, 50] .
Sensory Comfort
There are many risk factors in the living space of the elderly [34] , including their senses of the physical environment. These factors may exert a menacing and damaging effect on the health of elderly people, as well as causing them physical sensory discomfort. Among the four parameters for the comfort of indoor environments mentioned above, heat refers to the perception of thermal comfort, which means the level of satisfaction with a warm environment [37] , but it should also be interpreted as the level of satisfaction with the indoor temperature. For the elderly, overly hot or cold environments cause discomfort. Frontczak and Wargocki's research indicates that people are able to regulate the temperature of their environment through their behavior [39] . Ormandy and Ezratty also point out that the perception of the thermal comfort, not the measurement of the environmental temperature, is used to determine the solution plan for the indoor temperature of housing. The advantage of this approach is that it considers personal senses and other factors, particularly those that are difficult to measure [40] . Hence, the standards for a comfortable indoor temperature for elderly housing vary.
The outdoor climate and seasons also affect the perception of thermal comfort. Compared to air-conditioned buildings, naturally ventilated buildings usually have a higher neutral temperature [39] . Research has demonstrated that providing good ventilation indoors and diluting or replacing the existing indoor air with fresh air are keys to good indoor air quality [44] . Nevertheless, there are still other factors influencing indoor air quality. Poor air quality is caused mainly by unpleasant smells and discomfort-causing stimulants [39] . Poor air quality often leads to asthma and other respiratory diseases among the elderly [51, 52] . Therefore, the level of air pollution both outdoors and indoors must be considered and evaluated together, followed by the adoption of effective intervention measures.
The impacts of environmental noise and air pollution on the anxiety and mental health of the elderly are similar [51, 53] . Environmental noise is regarded as a major threat to public hygiene, where the main sources of noise are outdoors and not indoors. Environmental noise is mainly concentrated in environmental noises such as road traffic, neighbors, and airplanes [54] [55] [56] . Intervention in the outdoors environment is required to allow the elderly to have a high quality housing environment.
Moreover, the overall aesthetics of the appearance of the indoor environment can also directly influence people's subjective sense of happiness [37] . Home is the most important place in an individual's life. It is even described as an "extension of the self through place" [35] . A pleasant, neat, and comfortable indoor environment is the primary factor contributing to visual health [37] ; a pleasant indoor space includes the atmosphere created by elements that beautify the space, such as lighting, color [37] , texture of materials [36] , and decorations. To the elderly, it is a place of emotional release and attachment, privacy, and safety and has a direct effect on their psychological well being.
The holistic principles of hygiene and public health have contributed substantially to an increase in life expectancy of more than 30 years and in life quality since the beginning of the 20th century [57] . The most direct consequences of poor hygiene and cleanliness in a housing environment are the spreading of contagious and skin diseases. Some elderly people may neglect their own hygiene and cleanliness due to their own idleness and disabilities. Therefore, in addition to the government's role of raising the awareness of personal cleanliness, a clean and hygienic living environment must also be created through intervening in and improving the housing environment [36] .
Spatial Functionalities
The objective of the idea of "age-friendliness" initiated by WHO (2007) is to provide more venues and opportunities for elderly people to be able to participate in activities and increase their mobility in communities and neighborhoods [4, 29] . Therefore, communities and neighborhoods can provide opportunities for socializing and venues for the elderly to meet and interact with others [58, 59] , and a good housing environment can also serve as a venue for activities and socialization. Case studies have shown that improving the housing space of the elderly can increase and promote the accessibility and availability of the housing [19] . For instance, an improved living space can serve the functions of receiving visitors, leisure, and entertainment. Rioux discovers, in a study on the well being of elderly people living in families in communities, that those who live in the communities for a long are most satisfied with receiving visits from other people [18] .
The elderly usually view personal independence as synonymous to their ability to manage their daily lives and preserve their environment; this also has to do with the ability to control their living environment [12] . As they age, their independence in living and their ability to control their environment are gradually affected. The impact caused by a decrease in this ability is reflected in certain basic functions and demands of life, which not only lead to a deterioration of the quality of life but also the inability to feel satisfaction and happiness in life. Therefore, through the measures for improving the existing housing of the elderly, the most important issue is to resolve the problem of the elderly not being able to satisfy their functions of life. For instance, insufficient maneuvering space in the kitchen [50] leads to inconvenience in cooking [42] , and the unsuitability of bathroom facilities, e.g., a walk-in shower replacing the bathtub [4, 60] , inconveniences washing oneself [10, 50] . In other words, the elderly must be made independent in their daily activities in life, and the convenience to be able to carry out certain work and carry on with personal habits must be satisfied. The goal is that the elderly will still be able to have personal control and convenience over their basic needs in life through the improvement of their housing, despite the deterioration of their abilities, so as to maintain their well-being and sense of independence in daily life [19] .
To enable the elderly to move freely in various areas of their housing and to have better mobility and accessibility to destination points [11, 61] , intervening to improve housing can help realign rational spaces and eliminate impediments in space, for instance, furniture and decorations that are impeding walking and mobility, thus enabling the elderly to enjoy convenience and unimpeded functions in terms of accessibility to various areas in the house.
In much of the research literature, home is described as a place where one feels safe, protected, and warm and where one has self-autonomy and is able to shut off interference from the outside world and not incur any criticisms on their behavior [10] . Therefore, home signifies the privacy that one holds in relation to the people and the world outside. In addition, privacy means having the power of determination in a space and self-autonomy [16] . When the elements of privacy and self-autonomy are extended into the family, where there are other members of the family living alongside the elderly, the latter would similarly require personal space (e.g., bedrooms) and would not like disturbances from the outside space, such as noises, but at the same time would not want to interact with the outside space. Therefore, the improvement of the housing environment can eradicate circumstances in which indoor and outdoor factors interfere with one another. Finally, pretest assessment indicators were put together based on the discourses from the literature.
Pretest of Indicators
The pretest assessment indicators were carried out through a semi-structured questionnaire divided into two parts. The first part was the indication of the importance of each criterion through the use of a 0-10 scale, using a 10-point Likert scale to indicate the importance of each criterion, with 0 indicating "extremely unimportant" and 10 indicating "extremely important". Expert opinion was utilized to assess each criterion, and the importance of each criterion was observed based on the average scores. Therefore, the research adopted 7.5 as the threshold for assessing each criterion, where any standard value above 7.5 was deemed important, and those under 5 were deemed unimportant and removable, while standard values between 5 and 7.5 would require a second round of investigation and interviews with the experts to confirm and modify the reasons behind the importance of the criteria. This process was repeated as needed, until all the outcomes for the criteria were completely confirmed. The second part was conducted as an open interview, where the criteria and content of the questionnaire were modified based on the experts' knowledge and experience and clarified according to the suggestions made for each criterion to ensure the effectiveness of the research framework and confirm the final assessment criteria for the questionnaire.
This strategic study uses assessment to improve the quality of life of the elderly by sorting out the various assessment criteria through the aggregate commentaries in the literature and distributing questionnaires to 12 professional architects and interior designers; of the distributed questionnaires, two were excluded, and the other 10 returned questionnaires were considered. The first part of the study shows that all the criteria are rated 7 and above, which means their importance is confirmed beyond doubt. However, with respect to the descriptions of the three criteria of necessity of firefighting facilities, safety of home appliances and electrical circuits, and quality and functionalities of the socializing environment, the interviewed experts voiced their doubts. First, regarding necessity of firefighting facilities [48] , while the facilities are certainly necessary for safety in the living space, the completeness of firefighting facilities should be assessable. Safety of home appliances and electrical circuits was judged to not be a sufficiently accurate description. Electricity-caused fire [47] is one of the main factors contributing to fire accidents in housing, but the problems are not necessarily related to the damage of appliances and electrical circuits. In safety issues concerning the protection of housing, the knowledge regarding safe use of electricity is often emphasized. Therefore, the description of the safe use of electricity would make assessments more accurate. Finally, the description quality and functionalities of the socializing environment was judged to be vague and inaccurate. Many studies have pointed out that participation in social activities has an impact on the health of the elderly [58, 59] . The emphasis has been on the space and premises, and when it comes to quality and functionalities, no definite standard has been provided for evaluating the socializing space of housing. The emphasis should be placed on the availability of socializing space in housing.
After revising the descriptions of the three criteria, questionnaires were again circulated online to the experts to ascertain the importance of the criteria. The importance of the criteria in the returned questionnaires was rated 7.5 and above, and there were no doubts regarding the description and content of the criteria. Therefore, the research framework was unanimously confirmed as effective, thus concluding this stage of the research. The names and descriptions of the amended framework and criteria are presented in Figure 1 and Table 1 below.
This section is divided by subheadings. It should provide a concise and precise description of the experimental results, their interpretation and the experimental conclusions that can be drawn. 
No. Criteria Descriptions Authors

Ec1
Safety of building structures
Examining the structural durability of the building and housing; the strength of doors, windows, and other relevant parts; the housing's protection against natural disasters [18, 47] Ec2
Completeness of Firefighting Facilities
Installing and improving emergency response measures for fire accidents, such as firefighting facilities, alarm systems, evacuation instructions, and emergency lighting [48] Ec3
Safe Use of Electricity
The biggest reasons for fire accidents are improper use of electrical appliances, electrical overload from excessive power use indoors, and damage and exposure of gas connections.
[47]
Ec4 Sufficient Illumination Sufficient indoor and outdoor lighting during day and night will not only provide a pleasant mood both emotionally and perceptively but also increases alertness and vigilance.
[49]
Ec5 Skid Resistance of Floors
Wet and slippery floors are the most dangerous causes for falling, so flooring materials must be reconsidered in terms of their skid resistance. [4, 32, 36] Ec6 Accessible Facilities
Apart from accessible, even flooring, safe and accessible facilities are also important to the elderly, for instance handrails with support features and railings.
[31,32,42,50]
Heat refers to the perception of thermal comfort, 
No. Criteria Descriptions Authors
Ec1
Safety of building structures
Examining the structural durability of the building and housing; the strength of doors, windows, and other relevant parts; the housing's protection against natural disasters [18, 47] 
Ec2
Completeness of Firefighting Facilities
[49] Heat refers to the perception of thermal comfort, which means the level of satisfaction in a warm environment, but it should also be interpreted as the level of satisfaction with indoor temperatures, where people can adjust the environmental temperature through their behavior.
[37]
En2
Good Ventilation and Air Quality
Good ventilation provided in indoor environment and diluting or replacing the indoor air with fresh air is the key to cooperating good air quality indoors.
[44]
En3
Control of Noise Disturbances
Environmental noise is regarded a major threat to public hygiene. The main sources of noise disturbance are from outdoors and not indoors and are mainly concentrated in environmental noises such as road traffic, neighbors, and airplanes.
[ [54] [55] [56] 
En4
Spatial Visual Esthetics Pleasant, neat, and comfortable indoor environment is the main factor contributing to visual health.
En5
Environmental Cleanliness
Unsatisfactory hygiene and cleanliness directly affects the health of the elderly. The improvement of housing environment is important for creating a hygienic and clean living environment for the elderly.
[36]
So1
Availability of Socializing Space
The community and neighbourhood provide the elderly with the socializing opportunities and place to meet with others and socialize. Proper and suitable personal housing space can also be a good place for interactions and visits among neighbors. [58, 59] 
So2
Convenience of Facilities for Living
The most important purpose of the improvement measures for old housing is to solve the problems of the elderly, including them not being able to satisfy their functions of living, i.e., the elderly's independence in their daily activities, and the convenience for them to carry out work and carry on personal behaviors.
[4,10,20,42,50,60]
So3
Rationality and Accessibility of Space Intervention measures for housing improvement can help realign space and eliminate impediments, for instance, furniture and decorations that impede walking and mobility. [11, 61] 
So4
Non-Interference of Private Space
Privacy signifies the power of determination over space and self-autonomy. The elderly care equally about their personal private space (e.g., bedrooms) and do not like external interference from outside, such as noise, while also not wishing to interfere with the outside space to preserve their own privacy. [10, 17] 
Evaluation Methods
The D-DANP-mM model in multiple-attribute decision-making was first proposed by Taiwanese scholar Tzeng Gwo-Hshiung [62] , who developed this model to refine traditional assessment methods that relied on inter-criteria independence. The D-DANP-mV model consists of three analytical techniques: The decision-making trial and evaluation laboratory (DEMATEL), the DEMATEL-based analytic network process (DANP), and the modified VIKOR. In recent years, the advantages of this decision-making model have attracted increasing attention from scholars in related fields. Zhu et al. (2017) [63] summarized these advantages, categorizing them into four points: DEMATEL can clarify the interrelations among criteria, thereby lifting the restriction imposed by the assumption in conventional analytical techniques that the assessment criteria are independent of one another; prioritization and selection of criteria can be carried out despite any conflicts among the attributes; using the ideal standard as the benchmark instead of relative standards can avoid selecting the best option out of a bad batch; this model can propose improvement strategies systemically at the source of the impacts.
Based on the three analytical techniques included in the D-DANP-mV model, this study divides the detailed operational procedure of the decision-making model into three phases and demonstrates the calculations involved in each phase with the aid of (1) Construction of Influential Network Relation Map (INRM) Using DEMATEL First, a direct influence matrix E was constructed based on the questionnaire results collected from the experts. The assessment scores in the questionnaire included 0, 1, 2, 3, and 4, among which, 0 indicated "no influence," and 4 indicated "highly influential". The mean values of the direct influence matrix were then computed to construct the average direct influence matrix A. Afterward, before the next analytical step, it was necessary to conduct consensus tests on the collected questionnaires. As the statistical average threshold for gap values was 5%, computational results that were lower than 5% meant that the collected questionnaires had a reliability level of over 95%. Then, the system could be deemed as stable and reliable, and the questionnaires were said to display a high level of consensus. However, if the test results showed that the system was unstable, review of the accuracy of the collected data and the adequacy of the number of participating experts would be required. After passing the consensus tests, the average influence matrix A was normalized to create matrix D. The purpose of normalization was not only to remove the units and orientations of values; more importantly, it was to convert the values to be between 0 and 1. On top of this, Equation (5) as shown in Figure 3 was used to construct the total influence matrix T, the foundation for drawing the influential network relation map (INRM) in this study. Equations (6) and (7) in Figure 3 were then employed to add up the values in each column and row of the matrix, respectively. The degree of centrality (o + r) and degree of influence (o − r) of each assessment criterion were subsequently obtained. (1) Construction of Influential Network Relation Map (INRM) Using DEMATEL First, a direct influence matrix E was constructed based on the questionnaire results collected from the experts. The assessment scores in the questionnaire included 0, 1, 2, 3, and 4, among which, 0 indicated "no influence," and 4 indicated "highly influential". The mean values of the direct influence matrix were then computed to construct the average direct influence matrix A. Afterward, before the next analytical step, it was necessary to conduct consensus tests on the collected questionnaires. As the statistical average threshold for gap values was 5%, computational results that were lower than 5% meant that the collected questionnaires had a reliability level of over 95%. Then, the system could be deemed as stable and reliable, and the questionnaires were said to display a high level of consensus. However, if the test results showed that the system was unstable, review of the accuracy of the collected data and the adequacy of the number of participating experts would be required. After passing the consensus tests, the average influence matrix A was normalized to create matrix D. The purpose of normalization was not only to remove the units and orientations of values; more importantly, it was to convert the values to be between 0 and 1. On top of this, Equation (5) as shown in Figure 3 was used to construct the total influence matrix T, the foundation for drawing the influential network relation map (INRM) in this study. Equations (6) and (7) in Figure 3 were then employed to add up the values in each column and row of the matrix, respectively. The degree of centrality (o + r) and degree of influence (o − r) of each assessment criterion were subsequently obtained. all the criteria in the assessment framework. First, the total influence matrix T was vertically partitioned according to different dimensions. The criteria under each dimension were then added up horizontally. Afterward, each criterion in the partitioned matrix was divided by the horizontal sum of the dimension to which it belonged, so as to obtain the normalized matrix a c T in Figure 4 With reference to the pairwise comparisons of criteria in the AHP process, the normalized influence T resulted in a weighted supermatrix, W (as shown in Figure 4 ).
Eventually, the limit supermatrix was computed by multiplying the weighted supermatrix W by itself to achieve a convergent and stable matrix, g W . After composing the limit supermatrix, the (2) Distribution of Influential Weights (IWs) Using DANP
In the D-DANP-mV model, this analytical stage aims at allocating influential weights (IWs) to all the criteria in the assessment framework. First, the total influence matrix T was vertically partitioned according to different dimensions. The criteria under each dimension were then added up horizontally. Afterward, each criterion in the partitioned matrix was divided by the horizontal sum of the dimension to which it belonged, so as to obtain the normalized matrix T a c in Figure 4 With reference to the pairwise comparisons of criteria in the AHP process, the normalized influence matrix T a c was converted into an unweighted supermatrix, W a . The same method was used to normalize and convert the total influence matrix of the dimensions into matrix T a D . Multiplying matrix W a by matrix T a D resulted in a weighted supermatrix, W (as shown in Figure 4) . Eventually, the limit supermatrix was computed by multiplying the weighted supermatrix W by itself to achieve a convergent and stable matrix, W g .
After composing the limit supermatrix, the values in each column of the weighted supermatrix W stood for the global weights of the corresponding criteria, also called the influential weights (IWs). (2002) proposed a method to rectify the conventional VIKOR technique, introducing the concept of "ideal standards" to substitute the positive-ideal solution; this can avoid the predicaments of having to choose the best option out of a bad batch or having no desirable option or zero room for improvement. After this amendment, the analytical technique becomes more suitable for solving the inadequacies of performance assessment in real life. Equation (14) in Figure 5 was adopted to compute the total gap value and total performance value of the empirical case to provide essential support for further development of improvement strategies. The modified VIKOR technique used in this study aims at the clear evaluation of the positiveideal solution and negative-ideal solution of each assessment criterion in the specific empirical case. It prioritizes the criteria based on the distances of the outcomes of performance assessment from the positive-ideal solution of the case. Opricovic and Tzeng (2002) proposed a method to rectify the conventional VIKOR technique, introducing the concept of "ideal standards" to substitute the positive-ideal solution; this can avoid the predicaments of having to choose the best option out of a bad batch or having no desirable option or zero room for improvement. After this amendment, the analytical technique becomes more suitable for solving the inadequacies of performance assessment in real life. Equation (14) in Figure 5 was adopted to compute the total gap value and total performance value of the empirical case to provide essential support for further development of improvement strategies. 
Empirical Case
This section describes the geographical environment and analysis of current situations in relation to an empirical case and explains in detail the process of collection and analysis of the relevant data. Based on the results of the performance assessment under INRM and VIKOR, the priority items for improvement in relation to the empirical case are elaborated. In addition, the basis as well as the reasons behind the prioritization of the confirmed improvement items are analyzed.
Geographical Description of Empirical Case
The empirical case of this study focuses on the Wuchang United Building Community of Xinjuli in the Songshan District of Taipei City, it is a multifamily apartment style buildings. The Wuchang United Building Community was established in 1973. The building consists of 11 linked 6-storey residential blocks, with elevators and a total of 264 households. The number of residents meeting the elderly criteria is approximately 150 (including those with physical and mental disabilities). Although the building has reached its 50-year use limit (the economic period of durability for buildings), the structure of the building remains sound. The floor area of the housing ranges from 100 m 2 to 133 m 2 . As the entrance and exit of the building are fairly narrow, it is rather challenging to install disability ramps in view of the aging population. For the elderly and those with mobility difficulties requiring mobility aids to enter and exit the housing, the steps at the entrance and exit still present a major concern, despite the convenience of the elevators. In terms of firefighting facilities, there are fire extinguishers, public announcement systems for emergencies, emergency illumination installed on every floor, and stairs and emergency ladders at each of the elevators, but no evacuation instructions have been put in place. Due to the old age of the building, improvements and repairs to many of the housing units ceased after 30 years; hence, there are hidden concerns with regard to the safe use of electricity. Some adjacent buildings are only separated by an 8-m alley (the main alley is 10 m wide). Residents at the lower levels have insufficient natural lighting, and their ventilation also affected. 
Empirical Case
Geographical Description of Empirical Case
The empirical case of this study focuses on the Wuchang United Building Community of Xinjuli in the Songshan District of Taipei City, it is a multifamily apartment style buildings. The Wuchang United Building Community was established in 1973. The building consists of 11 linked 6-storey residential blocks, with elevators and a total of 264 households. The number of residents meeting the elderly criteria is approximately 150 (including those with physical and mental disabilities). Although the building has reached its 50-year use limit (the economic period of durability for buildings), the structure of the building remains sound. The floor area of the housing ranges from 100 m 2 to 133 m 2 . As the entrance and exit of the building are fairly narrow, it is rather challenging to install disability ramps in view of the aging population. For the elderly and those with mobility difficulties requiring mobility aids to enter and exit the housing, the steps at the entrance and exit still present a major concern, despite the convenience of the elevators. In terms of firefighting facilities, there are fire extinguishers, public announcement systems for emergencies, emergency illumination installed on every floor, and stairs and emergency ladders at each of the elevators, but no evacuation instructions have been put in place. Due to the old age of the building, improvements and repairs to many of the housing units ceased after 30 years; hence, there are hidden concerns with regard to the safe use of electricity. Some adjacent buildings are only separated by an 8-m alley (the main alley is 10 m wide). Residents at the lower levels have insufficient natural lighting, and their ventilation also affected. Geographically, Taipei City is a basin, and when the humid air from the south and the rains arrive in spring, excessive humidity is common. As a result, the skid resistance of the floors, if tiled, may decrease.
The community is connected through alleys, and the major thoroughfares on all four sides have heavy traffic. Therefore, residents facing the alleys are more likely to be disturbed by noise. The units on the lower levels are also more likely to be affected by vehicle emissions. There are no open spaces, such as green spaces and parks, in the vicinity for the elderly to interact with one another and engage in activities, and there is a lack of interaction and mingling among the residents.
Data Collection
This section elaborates the approach of collecting the data and the basis on which the interviewees selected the factors. The interviewees were divided into two groups: The experts group and the elderly group. The mutual influences between the 15 criteria were surveyed using the DEMATEL questionnaire, and the experts were those interviewees who were appropriate for this form of survey. The degree to which a single criterion influences or is influenced was rated from 0-5, with 0 indicating "no influence", and 5 indicating "highly influential". On the contrary, VIKOR questionnaires were used to collect data on the level of satisfaction of the elderly with the 15 criteria; these elderly people lived locally in the empirical case site. The rating scale was from 0-10, with 0 indicating "extremely poor performance", and 10 indicating "extremely good performance".
The first stage involved surveying the experts. The following are the conditions and qualifications used to select the experts for interviews. The interviewed experts came from both industry and academia. Interviewees who were experts in the industry (building planning and interior design) had a deep understanding of the living needs and quality of life of the elderly, both in theory and practice, and they possessed practical experience in planning for and designing housing environments for the elderly. Experts from academia consisted of professional university scholars in the fields of architecture and interior design. Apart from having an understanding of and research experience with relevant issues, they had also guided students in relevant planning and training. Lastly, the selected experts were required to understand how a DEMATEL survey works and its purpose.
Fifteen experts were selected in the first stage. Eleven DEMATEL surveys were returned, of which ten met the selection criteria. Two did not because they did not provide definite ratings for the levels of influence among the 15 criteria. Among the experts who completed the ten valid questionnaires, six were heads of companies in the architectural and interior design industries, while four were professors in architectural programs and department heads of interior design programs at universities. To increase the effectiveness of the questionnaires, the surveys were conducted as structured interviews, with the average time of completion ranging from 2 to 2.5 h.
The second stage used the modified VIKOR survey questionnaires to conduct the interviews, where the interviewees were elderly people meeting WHO criteria (age 65 and above) and fulfilling the following conditions: They lived in the building area of the empirical case and they were in a healthy state (not including those with mobility difficulties, who are unable to independently live and look after oneself, and who suffer from mental degenerative diseases). The surveys were conducted over a period of 3 months, from 30 March to 30 June 2016, in two time slots, 8:00-10:00 in the morning and 3:00-5:00 in the afternoon. The author and an assistant collected the data by visiting the homes in person and by randomly waiting for and interacting with residents in the alleys around the community. Firstly, whether the elderly met the selection criteria was determined by visual observation, followed by obtaining the consent of the elderly to carry out the surveys, each lasting about 5-8 min. After the surveyors had explained, each criterion was investigated through a Q&A approach, where the ratings provided by the elderly with regard to the 15 criteria based on their levels of satisfaction with their current housing. To obtain the trust of the elderly respondents, their names and residential addresses were not recorded. We intended to interview approximately 80 elderly people, and we managed to approach 100 people who were healthy, of which, a total of 63 were successful interviews, with the rejection rate being 37%. There were 46 valid and 17 invalid questionnaires (where their levels of satisfaction with each criterion were too similar and where they did not know how to answer some of the questions); of the valid responses, 21 (46%) were male and 25 (54%) were female.
During the process of data collection, a large amount of rejections were received from the experts with regard to the interviews. The main reason was a lack of acquaintance with the experts and their lack of time due to work and the fact that the survey questionnaire required highly professional thinking and a sufficient amount of time to complete. Hence some experts decided to turn down the assessment or give up halfway. Therefore, those experts who were able to effectively complete the questionnaires were either introduced by experts who had agreed to participate or those who visited us in person and approved of the research. Furthermore, previous tutors and upper classmates from university have also been very helpful.
In using the VIKOR questionnaires to conduct interviews with the elderly in the empirical case, there was a serious issue of lack of trust. The reason could be the prevalence of fraud cases over recent years and the degradation of social morals, of which many elderly people are the primary victims. Therefore, the elderly were deeply distrustful towards strangers, resulting in a 70% rejection rate in the initial stages of the survey. To solve the problem of a high rejection rate, local community leaders were approached in the later stages to assist us in finding elderly people willing to undertake the survey, and the rejection rate then dropped to 15%. The highest rate of rejection by the elderly occurred when approached for random interviews in the alleys. The community lacked parks and open public spaces for the elderly to gather, and therefore, the method of waiting for the elderly people one by one to conduct interviews with them was operationally inefficient.
Results and Discussion
The INRM shown in Figure 6 Through the same approach, judging from the perspective of INRM, "good ventilation and air quality" (C 22 ) is the most influential criterion for "sensory comfort" (D 2 ), "sufficient illumination" (C 14 ) for "personal safety" (D 1 ) and "rationality and accessibility of space" (C 33 ) is the most influential for "functionalities of space" (D 3 ).
1.
It can be seen from DANP's results shown in IW (Figure 2) , that VIKOR's performance assessment can be used to study and analyze the issue of assessing and improving the housing of the elderly in an empirical case. The total gap value is the aggregate of all gap values of the criteria, which can be obtained by multiplying each of the gap values by its weight. The gap indicates the distance between the performance of the criterion and the ideal standard. In this study, the gap values obtained from surveying the elderly living in the location of the empirical case are represented by the gap values, as shown in Figure 2 , which if improved, can increase the performance of each dimension/criterion.
2.
The performance values in the INRM model are shown in Table 2 . D 2 displays the largest gap value in all three framework criteria (0.415), which means D 2 has the highest priority in terms of improvement. This is in line with the sequence of effects of the mutual influences between the three framework criteria in the INRM model. In the D 2 criteria, C 21 shows the largest gap value (0.118). Therefore, whether the criterion shows the largest gap value can be used as the benchmark for improvement prioritization in elderly housing in the empirical case. The ultimate goal of enhancing the quality of life of the elderly is achieved through effective and continuous improvement strategies. Based on INRM ( Figure 6 ) and the results of the performance assessment (Table 2 ) and according to the relationships and levels of influences between the frameworks and criteria, continuous improvement strategies are proposed and discussed and composite analysis of the improvement priorities is conducted. Gap values are used to confirm the priority items. Figure 2 shows that the elderly in the empirical case are commonly dissatisfied with and perceive a lack of D2 in their housing environment. Compared to the gap values of the other two items, their level of satisfaction is also low, which means that the elderly in the empirical case are not entirely satisfied with all the items and have the most concern for the lack of sensory comfort in their housing environment. Among the 15 criteria in Table 2 , the ones showing larger gap values are C21 (0.118), C23 (0.111), C31 (0.098), C12 (0.079), and C22 (0.067). Therefore, C21, with the largest gap value, is the first priority for improvement, where strategies have to be devised through the systematic method of the DANP model to resolve the fundamental problems in the empirical case concerning the lack of satisfaction with the quality of life.
First, in terms of C21, the locality of the building in this empirical case is a densely populated urban area, and it is geographically located in the subtropics (121°34′00″ E, 25°03′00″ N), with an average summer temperature of 28-29 degrees Celsius and an average winter temperature of 16 degrees Celsius. A record temperature of 38.8 degrees Celsius occurred in the summer of 2016 and in the winter of the same year the lowest temperature was 4 degrees Celsius. Such a big temperature difference is a major threat to elderly people with chronic cardiovascular diseases. The measures used by the local residents to respond to temperature adjustment include the use of air-conditioners to adjust and control the temperature and humidity indoors. However, the increased use of airconditioners by residents in the summer also increases the outdoor heat. To reduce electricity costs, the local residents often opt not to use air-conditioners and try to adapt to thermal discomforts through other means, such wearing light and breathable materials. They adjust and adapt to the heat in the environment through their behavior, reduce their anticipated discomfort with temperature, and adapt to the current circumstances. This method has been introduced in previous research as a self-adaptive approach [39] . Therefore, apart from changing individual behavior to adapt to the Based on INRM ( Figure 6 ) and the results of the performance assessment (Table 2 ) and according to the relationships and levels of influences between the frameworks and criteria, continuous improvement strategies are proposed and discussed and composite analysis of the improvement priorities is conducted. Gap values are used to confirm the priority items. Figure 2 shows that the elderly in the empirical case are commonly dissatisfied with and perceive a lack of D 2 in their housing environment. Compared to the gap values of the other two items, their level of satisfaction is also low, which means that the elderly in the empirical case are not entirely satisfied with all the items and have the most concern for the lack of sensory comfort in their housing environment. Among the 15 criteria in Table 2 , the ones showing larger gap values are C 21 (0.118), C 23 (0.111), C 31 (0.098), C 12 (0.079), and C 22 (0.067). Therefore, C 21 , with the largest gap value, is the first priority for improvement, where strategies have to be devised through the systematic method of the DANP model to resolve the fundamental problems in the empirical case concerning the lack of satisfaction with the quality of life.
First, in terms of C 21 , the locality of the building in this empirical case is a densely populated urban area, and it is geographically located in the subtropics (121 • 34 00" E, 25 • 03 00" N), with an average summer temperature of 28-29 degrees Celsius and an average winter temperature of 16 degrees Celsius. A record temperature of 38.8 degrees Celsius occurred in the summer of 2016 and in the winter of the same year the lowest temperature was 4 degrees Celsius. Such a big temperature difference is a major threat to elderly people with chronic cardiovascular diseases. The measures used by the local residents to respond to temperature adjustment include the use of air-conditioners to adjust and control the temperature and humidity indoors. However, the increased use of air-conditioners by residents in the summer also increases the outdoor heat. To reduce electricity costs, the local residents often opt not to use air-conditioners and try to adapt to thermal discomforts through other means, such wearing light and breathable materials. They adjust and adapt to the heat in the environment through their behavior, reduce their anticipated discomfort with temperature, and adapt to the current circumstances. This method has been introduced in previous research as a self-adaptive approach [39] . Therefore, apart from changing individual behavior to adapt to the temperature, using mechanical fans and maintaining the ventilation indoors are other active means of improvement, which also have an effect on health [52] . Natural ventilation is one of the best strategies for reducing energy consumption related to building usage [64] . However, energy saving methods should not affect the comfort and health of the residents [65] . Based on the relationship of mutual influences between the criteria in the figure for INRM, C 21 can influence C 23 , which has the second largest gap value in the VIKOR performance assessment. Noise has a significant and negative impact on psychological and physical health. The elderly in the empirical case attributed their sources of noise mainly to interference by neighbors and renovation work of neighbors. These are concentrated during the daytime, but the main source of noise is the movement of traffic and vehicles outside. The area is an open community and does not have a particular entrance and exit. As the community is adjacent to several thoroughfares, many small cars and motorcycles cut through the surrounding alleys to avoid congestion in the thoroughfares at certain times of day. Environmental noise is considered a menace to public hygiene [55] . Research shows that noise has become the most serious form of environmental pollution in Europe, and road traffic noise is the main factor in noise pollution [66] . Epidemiological evidence over the last few decades shows that the disturbance of traffic noise in housing environments and unsatisfactory health have a direct mutual correlation [54] . Therefore, the local elderly can only respond by trying their best to adapt to the noise disturbance or shutting the windows to block the noise. However the doing the latter also reduces ventilation [54] and contradicts the present situation concerning C 21 and its improvement as described above.
Therefore, looking once again at the Figure 6 for the relationship of influences for the INRM criteria, it can be seen that C 21 and C 23 are directly influenced by C 22 . Good indoor air quality is determined by the level of pollution of air indoors. The indoor air pollutants, such as VOCs, microorganisms, and particles, have a negative impact on the health of the residents. These pollutants come from sources such as building materials and furniture [38] . The control of emission sources, ventilation, and the assessment of indoor air quality are the three main approaches used in green building planning for the management of indoor air quality [67] . Hence, maintaining the natural ventilation of indoor space does not only help conserve energy and reduce carbon emissions but is also important for increasing the air quality of buildings and housing environments [68] and is a key to preventing health problems from worsening. However, the pre-condition is that the air for ventilation is clean.
If the air quality is unsatisfactory, more ventilation would only result in further negative impact on health [52] . Unsatisfactory air quality has always been a major problem in urban areas, especially due to car and motorcycle emissions. The local government already has existing policies tackling air pollution, such as reducing suspended particles in the air by controlling pollution sources, eliminating and replacing old vehicles, and promoting the use of electrical cars (the Department of Environmental Protection of Taipei City Government). The residents are still concerned about air quality. Therefore, in addition to encouraging and regulating the use of environment-friendly and green building materials for the indoors, the overall air quality also relies on the government's prioritization of the issue of vehicle emissions. It is only when the air quality is improved that natural ventilation can be used indoors and outdoors, the indoor temperature can be adjusted, and the noise disturbances from outdoors can be reduced, thus improving the quality of life of the elderly in terms of sensory comfort. In sum, to effectively resolve the issue of the elderly's satisfaction with their quality of life, the VIKOR performance assessment method was used to propose an effective strategy for finding the root influences. Therefore, in terms of the sequence of improvement priorities, the first priority should be given to C 22 , which points to the relationship between air quality and controlling traffic and vehicles as its core solution.
C 31 has the third largest gap value in the VIKOR performance assessment. However, in the IRNM model, C 31 has the lowest influence in the D 3 framework, and the improvement of all the criteria has an influence on the increase of C 31 , including the improvement of D 2 , which also has an impact on the spatial environment of C 31 . According to the guidelines for age-friendly cities proposed by the WHO in 2007, encouraging the elderly to actively participate in social and community activities and visit neighbors has a direct effect on the health and quality of life of the elderly. There are no outdoor activities space (e.g., parks) in the locality of the empirical case, and observation shows that the local elderly have to go to parks in their neighboring communities or nearby schools to engage in outdoor activities. They are able to get to know friends of their age, and these regular social activities become a focal point of their lives. However, there are no outdoor activities and social activities spaces in the locality of the empirical case. Thus, indoor social events is more important functions. The elderly people we interviewed did not often use the spaces in their housing as a socializing venue for several reasons: the space was too messy and small, they were wary about disturbing other family members, and they had not considered its functionality for socializing. Understanding and intervention by family members is needed here to improve the availability of socializing spaces in the family and increase the self-confidence of the elderly and their willingness to interact with others. This will compensate for the lack of outdoor spaces in the community and improve the elderly's level of satisfaction with their health and life.
Conclusions
With the aim of improving the housing environment of the elderly to increase their quality of life, this study gathered and studied the relevant literature and explored the various dimensions of the improvement of the housing and the quality of life of the elderly. All these efforts point to the important correlation with the health of the elderly as the core solution. In 1948, the WHO defined health as the collective state of physical, spiritual, and social well being and not merely as the absence of diseases and weakness [63] . This is consistent with the present study. Various dimensions were combined, yielding relevant subject knowledge, establishing the framework and criteria for assessment, and systematically constructing mutual influences between the frameworks and criteria. The empirical case focused on the Wuchang United Building Community, and through the MCDM model formed by combining the investigations and studies using the DANP method, we proposed a clear and effective improvement strategy and improvement priority sequence for the elderly's housing environment. As the results of the research indicate, D 2 is the most influential among the three frameworks and therefore should be the first improvement priority. The results show that the elderly have the most concern for their physical and psychological sensory comfort in their living environment. The improvement of C 22 in D 2 will not only influence C 21 and C 23 but also indirectly impact C 31 in the D 3 framework.
Therefore, it is evident that factors affecting the impacts of housing improvement on old-age health are complicated, with non-linear cause-effect interrelations among themselves. A single factor in the system may influence changes in another part of the system [30] . In the aging society, to fulfill the increasing needs of the aging population requires effective and continual strategies for improving the housing and health of the elderly. It is necessary to understand the issues of the elderly's adaptability to their housing and environment. When inadequacies in satisfying their health and socio-psychological needs arise from a lack of adaptability, service providers and decision-makers should work together to continuously improve the health conditions of the elderly by constantly implementing intervention measures for improvement, creating new resources, and maintaining existing services to enhance them [69] . Nevertheless, there are several limitations in this study. It is a cross-sectional study focusing on examining the improvement of the housing environment for the elderly for a specific housing setting. Its data and outcome cannot be used for the assessment and the improvement of other elderly housing environments. However, the research process can still be used as a point of reference for decision-makers responsible for the improvement of other housing environments. Issues related to the health of the elderly, such as community environment, social welfare, and medical and health care, can still be studied further. However, with the changing demographic patterns and users' characteristics, users' behaviors and preferences will change over time. Even over a defined period, housing environment characteristics may change following environmental interventions, and users' degree of satisfaction may change [63] . We understand that geographical environments, climates, urban developments, and living habits of the elderly can vary, and there will therefore be different changes in the improvement assessments. Future research may extend the sample of this empirical case into various environmental conditions, generating mutual references, conclusions, and analyses between multiple case studies; such research outcomes will be worth working toward and looking forward to.
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Appendix A DANP (DEMATEL-based ANP) was used to develop the structure of influential relationships and analyze the relationship (interaction) and the influential degree of the three dimensions and 15 criteria. As mentioned in Appendix A, we used the results of the nine experts' questionnaires to measure the total influence matrix T and the degrees of influence. Table A1 shows the initial influence matrix A = a ij n×n derived from the average value of the nine experts' questionnaires. The consistency gaps of these nine questionnaires were 4.52% and were smaller than 5%, implying that the confidence level was 95.48%, which is more than 95%, as demonstrated by the following text. Tables A2-A4 show the relationship between the total influence matrix T and the degrees of influence. Table A2 illustrates the total relationships among the 15 criteria. Table A3 illustrates the two types of information, namely the relationships among the three dimensions and the degree of influence of each dimension. The degree of influence of each dimension combined with the INRM revealed that, based on experts' judgment, the dimension of sensory comfort (D 2 ) had the highest effect among all dimensions and was thus the most influential dimension. The degree of influence of functionalities of space (D 3 ) was the lowest, personal safety (D 1 ) had intermediate influence. Table A4 presents the sum of influences given or received from the degree of influence of each criterion within its own dimension.
The IWs of criteria were obtained from the ANP process in the DANP model. First, based on Equations (8)- (11) , the unweighted supermatrix W α was obtained by transposing the normalized influence matrix T C , as shown in Table A5 . The weighted supermatrix W based on Equations (12) and (13) is shown in Table A6 . Then, the IWs of DANP were obtained by limiting the power of the weighted supermatrix, as shown in Table A7 . The criterion of availability of socializing space (C 31 ) exhibited the highest IW value (0.11), whereas completeness of firefighting facilities (C 12 ) exhibited the lowest value (0.038). 
where n is the number of criteria (n = 15), H is the sample of nine experts (H = 10) whose practical experience and significant confidence reach 95.48% (more than 95%). 
